Examination of the observability of a chiral magnetically-driven charge-separation difference in collisions of the Zr collisions, and a discernible CME-driven difference of ∼ 10% in the presence of realistic non-CME backgrounds. They also indicate a strategy for evaluating the relative influence of the background correlations, present for each isobar. These results suggest that charge separation measurements for these isobaric species, could serve to further constrain unambiguous identification and characterization of the CME in upcoming measurements at RHIC.
GeV, will be used in an upcoming experiment at the Relativistic Heavy Ion Collider (RHIC) to measure and characterize a possible charge separation difference, induced by the Chiral Magnetic Effect (CME) in these collisions [1, 2] . Experimental validation of this purported signal, would constitute an invaluable constraint to further identify and characterize the CME in heavy ion collisions. In addition, it could provide crucial insight on anomalous transport and the interplay of chiral symmetry restoration, axial anomaly, and gluonic topology in the QGP.
The rationale for the isobaric collision experiment, stems from two invaluable considerations. The first is that, by choosing isobars, the well known background correlations which complicate charge separation measurements [3] [4] [5] [6] [7] [8] are made similar, and this greatly facilitates a comparison of the measurements for both systems. The second is the expectation that the net axial-charge asymmetry of the chiral quarks in the quark-gluon plasma (QGP) [9, 10] created in the isobaric collisions, are similar, but the time-dependent electromagnetic B fields [11] [12] [13] produced for similar impact parameter, is larger for 
leading to a larger final-state charge separation perpendicular to the reaction plane (Ψ RP ) defined by the impact parameter and the beam axis [2, [14] [15] [16] [17] [18] [19] Zr of order 10%, via measurements of the first P -odd sine term (a 1 ) in the Fourier decomposition of the charged-particle azimuthal distribution [25] for both systems:
where ∆φ = φ − Ψ RP gives the particle azimuthal angle with respect to the reaction plane angle, and v n and a n denote the coefficients of P -even and P -odd Fourier terms, respectively. The second-order event plane, Ψ 2 , determined by the maximal particle density in the elliptic azimuthal anisotropy and the beam axis, serves as a proxy for Ψ RP in experimental measurements. In addition to the B 0 difference indicated for the isobars, it is noteworthy that Fig. 1 also suggest a specific hierarchy, as well as patterns in the relative magnitudes for CME-driven charge separation for the systems indicated. The observation of such magnitudes and trends in future charge separation measurements could also serve as an important constraint. A caveat on the proposed measurement for the isobars, is that the initial axial charge and the time evolution of the magnetic field (c.f. Eq. 1) are unconstrained theoretically. Thus, it is not certain whether the expected B-driven charge separation difference would remain detectable, after possible signal losses associated with the dynamics of the evolution from the QGP phase to particle freeze-out. It is also uncertain whether a charge separation difference that survives the reaction dynamics, would still be discernible in the presence of the well known background correlations which contribute and complicate the measurement of CME-driven charge separation [3] [4] [5] [6] [7] [8] .
In recent work [26] , we have developed and tested a new correlator designed to give discernible responses for background-and CME-driven charge separation relative to the Ψ 3 and Ψ 2 event planes respectively. An initial rudimentary comparison of the correlators for preliminary data [27] and theory, indicated results compatible with a CME-driven charge separation in 40-50% central Au+Au collisions at √ s NN = 200 GeV. Here, we use this correlator in concert with state-of-the-art Anomalous Viscous Fluid Dynamics (AVFD) model calculations, to test its efficacy to detect and characterize the expected charge separation difference, induced by the Chiral Magnetic Effect (CME), in The AVFD model [19, 28] uses Monte Carlo Glauber initial conditions to simulate the evolution of fermion currents in the QGP, on top of the bulk fluid evolution implemented in the VISHNU hydrodynamic code [29] , supplemented with a URQMD hadron cascade "afterburner" stage. The code gives a good representation of the experimentally measured bulk properties -particle yields, spectra, flow, etc. Therefore, it gives a realistic estimate of the magnitude and trends of the background correlations expected in the isobaric data samples to be obtained at RHIC. Fig. 2 shows that the AVFD values for elliptic flow (v 2 (p T )), a major driver of background correlations, is similar for the two isobars and is in line with expectation that the background correlations for Zr should be similar for the indicated centrality range [2, 30] . The two isobars have a small deformation difference which leads to eccentricity (ε 2 ) differences and consequently, a v 2 differences for centralities 30% [30] . However, such a difference would not have a strong impact on our analysis as discussed below.
Anomalous transport from the CME, is also implemented in the AVFD model. This is accomplished via a time-dependent magnetic field B(τ ) = B0 1+(τ /τB) 2 , which acts in concert with a nonzero initial axial charge density, to generate a CME current (encoded in the fluid dynamical equations). The peak values B 0 , of the magnetic field, is obtained from event-by-event simulations [31] , and are used with a relatively conservative lifetime τ B = 0.6 fm/c, to generate the time-dependence of the magnetic field. The estimate for the initial axial charge density, which results from gluonic topological charge fluctuations, is based on the strong chromo-electromagnetic fields developed in the early-stage glasma phase [10, 32] .
With these essential ingredients, the AVFD model was used to simulate a charge separation along the B-field (i.e. perpendicular to the reaction plane), in combination with background correlations, for A subsequent analysis of these simulated events was performed to identify and quantify the predicted CME-driven charge separation difference between the two isobars.
The correlator R Ψ2 (∆S), constructed relative to the Ψ 2 plane, was used for the charge separation measurements. As outlined in Ref. [26] , the correlators R Ψm (∆S) can be expressed as the ratios:
where C Ψm (∆S) and C ⊥ Ψm (∆S) are correlation functions designed to quantify charge separation ∆S, parallel and perpendicular (respectively) to the B field, i.e., perpendicular and parallel (respectively) to Ψ RP . The correlation function C Ψ2 (∆S) measures both CME-and background-driven charge separation, while C ⊥ Ψ2 (∆S) measures only background-driven charge separation. The C Ψ3 (∆S) and C ⊥ Ψ3 (∆S) correlation functions can also be used to provide insight on the importance of backgrounddriven charge separation, because they are both insensitive to a CME-driven charge separation [26] . However, they are not essential for the present analysis, as will be shown below.
The C Ψ2 (∆S) correlation function, used to quantify charge separation parallel to the B field, is constructed from the ratio of two distributions [33] :
where N real (∆S) is the distribution over events, of charge separation relative to the Ψ 2 plane in each event:
where n and p are the numbers of negatively-and positively charged hadrons in an event, ∆ϕ 2 = φ − Ψ 2 and φ is the azimuthal emission angle of the charged hadrons. The N Shuffled (∆S) distribution was similarly obtained from the same events, following random reassignment (shuffling) of the charge of each particle in an event. This procedure ensures identical properties for the numerator and the denominator in Eq. 4, except for the charge-dependent correlations which are of interest.
The correlation function C ⊥ Ψ2 (∆S), used to quantify charge separation perpendicular to the B field, i.e., background-driven charge separation, was constructed with the same procedure outlined for C Ψ2 (∆S), but with Ψ 2 replaced by Ψ 2 + π/2. This π/2 rotation of the event plane, suppresses the contributions from CME-driven charge separation to this correlation function.
The correlator R Ψ2 (∆S) = C Ψ2 (∆S)/C ⊥ Ψ2 (∆S), gives a measure of the magnitude of charge separation parallel to the B field (perpendicular to Ψ 2 ), relative to that for charge separation perpendicular to the B field (parallel to Ψ 2 ). Consequently, correlations dominated by CME-driven charge separation are expected to result in a concave-shaped distributions with widths that are larger for Ru collisions, should lead to a narrower R Ψ2 (∆S) distribution. Here, it is noteworthy that the absence of a strong correlation between the orientation of the Ψ 3 plane and the B-field, makes R Ψ3 (∆S) insensitive to the CME signal, but sensitive to backgrounddriven charge separation. Thus, a background-driven charge separation would lead to similar patterns for the R Ψ2 (∆S) and R Ψ3 (∆S) correlators, while a CME-driven charge separation would result in characteristically different patterns for the two correlators.
The magnitude of a CME-driven charge separation is reflected in the width of the concave-shaped distribution for R Ψ2 (∆S) [26] , which is also influenced by particle number fluctuations and the resolution of Ψ 2 . That is, stronger CME-driven signals lead to narrower concave-shaped distributions (smaller widths), which are made broader by particle number fluctuations and poorer event-plane resolutions. The influence of the particle number fluctuations can be minimized by scaling ∆S by the width σ ∆ Sh of the distribution for N shuffled (∆S) i.e., ∆S ′ = ∆S/σ ∆ Sh . Very little, if any, difference in the event plane resolution for the two isobars, is expected for the centrality range discussed. Therefore, it is not necessary to consider the effects of event plane resolution in the evaluations to obtain the relative charge separation difference. account for possible differences in the associated number fluctuations due to charge particle multiplicity differences for the isobars at each centrality. The concave-shaped distributions, apparent in each panel, confirm the AVFD input CME-driven signal for the isobars. To quantify the isobaric charge separation difference at each centrality, a Gaussian fit (indicated by the curves) was made to the respective correlators in each panel, to extract the associated widths.
The apparent difference in the widths σ RΨ 2 , of the distributions for Ru reflects the increase in charge separation expected from the difference in the magnitude of the B field for the two isobars. Fig. 3(c) shows the ratio σ R Zr
, for the two centrality selections. They indicate a charge separation which is ∼ 10% larger for 96 44 Ru + 96 44 Ru as expected from the magnetic field difference. The observed trend with centrality is also consistent with expectation, c.f. Fig.1 . The implied sensitivity of these results suggests that the R Ψ2 (∆S) correlator would be able to discern and quantify a CME-driven charge separation signal of comparable magnitude, in the upcoming isobaric collisions experiment at RHIC. Here, it is noteworthy that in a recent study [34] the commonly employed Gamma correlator [35] [36] [37] [38] [39] [40] [41] was shown to be more strongly influenced by background correlations than the R Ψ2 (∆S) correlator.
The relative influence of the background correlations for the two isobars can also be studied directly, via isobaric ratios of the correlation functions:
Here, the essential notion is that, the isobaric ratio of C Ψ2 (∆S) should be concave-shaped, due to the stronger CME-driven charge separation in Ru isobar. In contrast, the isobaric ratio of C ⊥ Ψ2 (∆S), which only measures background-driven charge separation, should be essentially flat due to the expected similarity of the background correlations for the two isobars. A flat distribution would confirm the cancellation of background contributions to the isobaric ratio for C Ψ2 (∆S). A deviation from this flat expectation would provide a benchmark for possible differences in background-driven charge separation for the two isobars. Such differences could be crosschecked for collision centralities ( 30%) where background differences are expected for the two isobars [30] . Note as well that such a background influence could be further checked via comparisons of the R Ψ3 (∆S) correlators, since they are insensitive to CME-driven charge separation [26] .
The respective isobaric ratios shown in Fig. 4 , validate the expected patterns for the CME-and backgrounddriven signals in AVFD events. Note as well that the concavity of the distribution for the C Ψ2 (∆S) isobaric ra- tio, is consistent with R Ψ2 (∆S) correlator distributions shown in Fig. 3 . The distributions in Fig. 4 constitute an additional cross check for identifying and characterizing the CME-driven charge separation difference for the The tests indicate a discernible CME-driven difference of ∼ 10% in the presence of realistic non-CME backgrounds. They further indicate that the relative influence of the background correlations, present for each isobar, can be quantified. These results suggest that charge separation measurements for these isobaric species, could serve to further constrain unambiguous identification and characterization of both CME-driven and background-driven charge separation in heavy ion collisions at RHIC. Preparations are currently underway for experimental running at RHIC, as well as the extraction of experimental and theoretical differential R Ψm (∆S) correlators for the [24] The choice of the input model parameters for the two isobars, has a modest influence on the magnitude of the calculated B-field difference.
